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Reaction of Diazocompounds with C70: Unprecedented Synthesis 
and Characterization of Isomeric [5,6]-Fulleroids. 
 
Sara Vidal,a Marta Izquierdo,a Salvatore Fil ippone,a Fulvio G. Brunettia and Nazario Martína,b* 
The synthesis of a variety of PCBM-type [5,6]-fulleroids and their 
further highly selective photoisomerization to the respective [6,6]-
methanofullerenes is presented. Interestingly, the chemical 
reactivity of [5,6]-fulleroids reveals the same trend (a > b > c > d) 
to that observed for pristine C70 (  >   >   > ). 
Since their discovery three decades ago, fullerenes have been by far 
the most used n-type materials in bulk heterojunction solar cel l s  
(BHSC) due to their exceptional  optoelectronic properties .1,2,3,4 
Higher fullerenes such as C70 display improved l ight absorption in 
the vis ible region compared with the most abundant C60, resul ting 
in higher photocurrent va lues  and, therefore, in higher overa l l  
power conversion efficiencies. For instance, the wel l -known [6,6]-
PC71BM ([6,6]-phenyl C71 butyric acid methyl  ester) blended with -
conjugated semiconducting polymers such as MDMO-PPV ([a lkoxy-
poly(p-phenylenevinylene)]) reaches  a  va lue of Jsc=7.6 mA·cm2 
which means an increase of over 50% when compared to i ts  C60 
analog.5,6  
The lower symmetry of C70 makes the synthesis of PCBM derivatives 
more di fficul t when compared with C60. [70]Ful lerene has  four 
di fferent [6,6] reactive bonds  and four di fferent [5,6]bonds . The 
synthetic pathway for preparing PCBM derivatives is based on the 
Bamford-Stevens reaction, consisting in the thermal  tre atment of 
tosylhydrazones with metal  a lka l i  sa l ts .6,7 The diazocompound 
generated in situ from the tosylhydrazone, in the presence of 
ful lerene, affords  the respective cycloadducts  in both i someric 
forms, namely [5,6]-fulleroid and [6,6]-methanoful lerenes . This  
reaction has been one of the most commonly used in ful lerenes  
chemistry in the last decades due to the production of [6,6]-PC71BM 
for Organic Photovolta ic (OPV) devices . However, much less  i s  
known about the [5,6]-open-PC71BM fulleroid obtained in the same 
chemical reaction. In contrast to methanofullerenes, fulleroids  are 
usually unstable and difficult to isolate. Although the most common 
method to synthesize fulleroids is the addition of diazocompounds  
to ful lerenes, they are usually formed in low yield together with the 
[6,6]-methanoful lerene derivative as  the main product8 or not 
formed at all.9 The mechanism of cycloaddition of diazocompounds  
to ful lerenes has been described by two routes : i ) thermolys is  of 
diazocompounds to form carbenes that cycloadd on the [6,6] bonds 
and form methanofullerenes, and ii) 1,3-dipolar cycloaddition of the 
diazocompound to fullerene to give ri se to a  ful leropyrazol ine, 
fol lowed by the extrusion of N2 to achieve [5,6]-open ful leroids . 
Usual ly, thermal  treatment or l i ght i rradiation transform the 
kinetica l ly favorable product [5,6]-open ful leroid, to the 
thermodynamica l ly favored product [6,6]-closed 
methanoful lerene.10,11  
In the addition of unsymmetrically substituted diazocompounds  to 
the fullerene cage, two stereoisomers are possible for each addition 
s i te.  
R
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Figure 1. Two possible isomers of [5,6]-fulleroid C70 from alkyl -aryl - 
diazocompounds. Favored [5,6]-isomer contains the phenyl  group 
over the top pentagon ring on C70 cage (left). 
 
Thus , the addition of alkyl-aryl  substituted diazocompounds , such  
as  the PCBM precursor, to C70 preferentia l ly forms  the ful leroid 
i somer in which the aryl  group is  over the pentagon ring, thus  
minimizing the s tereoelectronic effects  (Figure 1).12,13  
The lack of an efficient methodology to obta in [5,6]-open 
derivatives is responsible for the scarce studies carried out on these 
compounds whose properties remain almost unexplored. Here, we 
report the selective synthesis of three [5,6]-PC71BM fulleroids  and 
three [70]diphenylmethanofullerenes as  wel l  as  the s tudy of the 
i somerization process they undergo from the [5,6]-open isomers  of 
C70 to the respective [6,6]-closed methanoful lerenes .  
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Synthesis of [5,6]-fulleroids 2-4. Diazocompound 1 was  prepared 
from commercia l ly ava i lable 4-benzoylbutyric acid previous ly 
reported.6 A solution of 1 and C70 in toluene was  s ti rred for 2 
minutes in the dark at room temperature (Scheme 1). The reaction 
crude was purified by silica gel column chromatography using CS2 as 
eluent to recover the unreacted C70, and toluene to col lect the 
ful leroid fraction in 86% yield (based on recovered C70) with a  ratio 
ful leroid/methanoful lerene 99:1.  
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Scheme 1. Synthes is  of [70]PCBM ful leroids  2-4. 
 
HPLC analysis of the crude and/or the monoadducts  fraction was  
crucia l to determine the number of fulleroid-type isomers obtained 
in the reaction. The HPLC chromatogram showed three peaks , 
(compounds  2-4) with analogous  UV-vis  absorption to that of 
pris tine C70, thus confirming their fulleroid nature; and one smal l  
peak corresponding to a -[6,6]-methanoful lerene (compound 5) 
(Figure 2a). In this regard, it is important to note that fulleroids and 
their respective pris tine ful lerenes  share the same π -homo-
conjugation (Figure 2b). Another small peak (1.3%) i s  observed in 
the chromatogram corresponding to a  [6,6]-closed derivative 
(compound 5). 
 
 
 
Figure 2. a ) HPLC profi le of the fraction of ful leroids  2-4 a fter the 
reaction of 1 and C70 in the dark. HPLC column: 5PYE (4,6 ID x 
250mm; toluene/hexane/acetonitri le  (60:36:4); 0.5 ml/min; 320 
nm; 250C). b) UV-vis  spectra of ful leroids  2-4 and C70 in toluene. 
 
The assignment of each isomer to their corresponding peaks  was  
based on the relative yield (area) showed in the chromatogram. 
Thus , 2 i s the main product, fol lowed by 3 and 4. The ful leroid 
fraction containing products 2-4 was characterized by NMR and UV-
vis  spectroscopy, mass spectrometry and cycl ic voltammetry. These 
experimental techniques  confi rmed that this  fraction i s  formed 
unequivocal ly by ful leroids  (pages  4S-6S and 19S, S.I.). 
 
Unl ike C60 in which all the [5,6] bonds  are equiva lent, the lower 
symmetry in C70 increases the number of possible PCBM-ful leroid 
i somers to eight, considering two regioisomers per addition s i te (a, 
b, c and d s ites in Scheme 1).14 Analogously to the [6,6] bonds (, , 
 and ) of C70, the a bond, in the pole, i s  the more s tra ined [5,6] 
bond with, and should be the more reactive one, fol lowed by b, c 
and d. Cons idering that the formation of the i somers  with the 
phenyl group over the hexagon is  not favored, the thre e peaks  
should correspond to three isomers  attached to three di fferent 
[5,6] bonds, probably a, b and c (Scheme 1). Hence, we cons idered 
that the main product should be fulleroid-a 2, fol lowed by fulleroid-
b 3 and the minor product ful leroid-c 4. It i s  wel l -known that 
ful leroids isomerize to methanofullerenes ([6,6]-closed derivatives ) 
through a  di--methane rearrangement by the action of l ight or 
heat.11 Thus, three different [6,6]-closed site-i somers  should be 
formed after the i somerization process .  
When the fulleroids  fraction was  i rradiated at 360nm for 4h at 
room temperature, the i somerization from ful leroids  2-4 to the 
[6,6]-PC71BM isomers (5, 6 and 7, Scheme 2, Figure S26, S.I.) was  
quanti tative. Despite the three [5,6]-i somers  obta ined in the 
reaction (a, b and c), only two [6,6]-sitei somers  ( and ) were 
observed in a ratio 93:7 (). Since the addend is  not symmetric, 
the -siteisomer is composed by two s tereoisomers.15 The UV-vis of 
compounds 5, 6 and 7 confirmed that 5 i s -siteisomer, and 6 and 7 
are -siteisomers. A plausible explanation of why three [5,6] bonds  
are i somerized to only two [6,6] bonds  can be found in the 
i somerization tendency of each fulleroid isomer. Ful leroid -a 2 can 
only be transformed into -sitei somer; Ful leroid-b 3 can be 
i somerized both to -sitei somer and -sitei somer, a l though 
probably most of the i somerization wi l l  progress  towards  the -
sitei somer since i t is much more reactive. Finally, fulleroid-c 4 i s the 
only one able to lead the isomerization to the -bond. However, -
bonds are poorly reactive. Therefore, the i somerization should 
occur only towards  the -sitei somer (Scheme 2). 
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Scheme 2. Isomerization routes  from [5,6]-bonds  to - and -
methanoful lerenes . 
 
To corroborate these assumptions , each isolated peak was  
individually i rradiated at = 360nm. The result was  that, in fact, 
ful leroid-a 2 i s i somerized exclus ively to methanoful lene 5 (-
sitei somer); fulleroid-b 3 i s isomerized to methanoful lerene 5 in 
85% and to methanofullerenes 6 and 7 (-siteisomers) in 15%; and 
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ful leroid-c 4 i s exclusively i somerized to the -sitei somers  6 and 7 
(Scheme 2 and Figure  3). 
 
 
 
Figure 3.  HPLC profi les  of the products  before and after the 
i somerization. HPLC column 5PYE semipreparative (10 ID x 250mm; 
toluene/hexane/acetonitri le  (60:36:4); 1 ml/min; 320nm; 250C). 
 
The mechanism and regioselectivi ty of the formation of 
[60]ful leroids has previously been explored by Oshima et al.16 In this 
work, the tendency towards the formation of fulleroids is higher for 
diazoalkanes than for a lkyl -aryl -diazocompounds , being diaryl -
diazocompounds those with less tendency of a l l  of them. I n 2013, 
Echegoyen et al. reported the extraordinary and unusual  reactivi ty 
of diazodiaryl  compounds  in the presence of endoful lerene  
Sc3N@Ih-C80, and the influence of the substituent groups in the para 
pos ition of the aryl group.17 They found that an electron-donating 
group in that pos i tion favored the formation of the [5,6] -open 
derivative. To explore the tendency of diaryl -diazocompounds  
towards the formation of fulleroids on C70, we have synthes ized a  
diaryl-methano bridged fulleroid, namely [5,6]-DPM (9 and 10) with 
an electron-releasing substituent in the para position of the phenyl  
group (OC4H9). 
 
Synthesis of [5,6]-fulleroids 9, 10 and 11. Diaryl -diazocompound 8 
was  prepared from the respective diarylhydrazone 8 by fol lowing 
the s tandard procedure (supporting information). A solution of 1 
equivalent of 8 and C70 in toluene was s tirred for 2 min in the dark 
at room temperature (Scheme 3). The reaction crude was  puri fied 
by s i lica gel column chromatography using CS2/hexanes as eluent to 
recover the unrea cted C70, and CS2 to col lect the fraction of 
monoadducts (mainly fulleroids), in 72% yield (based on recovered 
C70). The mixture of monoadducts was characterized without any 
further purification due to the similar polari ty and poor s tabi l i ty.  
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Scheme 3. Synthes is  of ful leroids  9-11 from C70 and diaryl -
diazocompound 8. 
 
Similarly to that found for PCBM derivatives, the analys is  by HPLC 
and UV-vis spectroscopy revealed three peaks  corresponding to 
ful leroids (9-11) and two small peaks corresponding to [6,6]-closed  
derivatives (Figure S27, S.I.). Moreover, in contrast to the previous  
case, the number of possible fulleroids is only four s ince the addend 
is  now symmetric. The experimental  ratio 
ful leroid/methanoful lerene was  89:11. As  expected, this  ratio 
resulted lower than the previous  case of PC71BM. However, i t i s  
higher when compared with other related examples  us ing diaryl -
diazocompounds.18 The reason of the pronounced capaci ty to form 
ful leroids from diaryl -diazocompound 8 i s  probably due to the 
presence of an electron-releasing group in the para position of the 
aryl  group which favors the formation of [5,6]-open-derivatives .17 
The obtained methanofullerene fraction is formed by a  mixture of 
- and -sitei somers  in a  ratio of 85:15 (:). In this  case, the  
addend is symmetric and, therefore, only one -siteisomer is found.  
The isomerization from the [5,6]-open ful leroids  9-11 to the 
corresponding [6,6]-closed derivatives  (12 () and 13 ()) by 
i rradiation at = 360 nm was  quanti tative (Figure S28, S.I.). The 
[6,6]-methanoful lerenes  were formed by a  mixture of two site-
i somers  in a  ratio of 88:12 (). By analogy to the PCBM 
derivatives, we assigned compound 9 to fulleroid-a, compound 10 
to ful leroid-b, and compound 11 to ful leroid-c. 
The fulleroids fraction containing compounds  9-11 has  a lso been 
characterized by the same techniques  used for the related 
compounds  2-4 (Pages  12S-17S, 21S and 22S, S.I.). 
 
Electrochemical properties. 
The electrochemica l  properties  of the ful leroids  and 
methanoful lerenes  reported here have been s tudied by cycl ic 
vol tammetry (CV). It i s  wel l  known that a  saturation of one 
ful lerenic double bond modifies the electrochemica l  behavior by 
ri s ing the LUMO energy and the fi rs t reduction potentia l  in 
methanofullerenes  i s  shi fted around 80-100mV per saturation 
towards  more negative potentia ls .19 In contrast, ful leroid 
derivatives have the same number of double bonds  than pris tine 
ful lerene. Thus, the -homoconjugation in the fullerene cage is  not 
dis turbed and the LUMO energy level i s not significantly modified. 
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The cycl ic voltammetry of the fraction containing fulleroids 2, 3 and 
4 us ing o-DCB/MeCN (4:1) as  solvent at r.t. and Bu4N·PF6 as  the 
supporting electrolyte i s  shown in Table S1 (Figure S24, S.I.). 
As  expected, the va lues of the reduction potential of fulleroids  2, 3 
and 4 (E11/2: -1,03 V) are s imilar to those of pristine C70 (E11/2: -1,02 
V). However, methanoful lerenes  5, 6 and 7 (E11/2: -1,13 V) show 
higher reduction potentia l  va lues  when compared with both 
ful leroids  and pris tine C70. The cycl ic vol tammetry of the DPM 
derivatives (9-13) showed s imi lar effects  to those presented by 
PCBM derivatives (2-7) (Table S1, Figure S25 S.I.). Thus, the CV data  
nicely confirm the respective ful leroid and methanoful lerenes  
s tructures , thus  supporting the above experimental  findings . 
 
In summary, we have carried out the quantitative preparation 
of less-known [70]PCBM-type [5,6]-fulleroids (2-4) as well as 
their analogues of the [70]DPM series (9-11) which are formed 
with a high degree of selectivity. UV-vis spectroscopy and CV 
electrochemical data clearly confirm their [5,6]-fulleroid 
nature.  
As expected, [5,6]-fulleroids are unstable compounds and 
rapidly undergo a quantitative photochemical isomerization to 
the respective [6,6]-methanofullerenes. Based on the site and 
stereoisomers obtained for the [6,6]-PC71BM and [70]DPM 
derivatives, the nature of the precursors [5,6]-fulleroids has 
been unambiguously assigned. A most appealing experimental 
finding is that the chemical reactivity of the obtained [5,6]-
fulleroids is strongly dependent of the position on the 
fullerene cage (a > b > c > d), thus following a similar trend to 
that found for the thermal reactivity in pristine [70]fullerene ( 
>  >  > ). 
Despite the instability of the formed [70]fulleroids, their 
spectroscopy and electrochemical properties have been 
determined. Furthermore, the CV data unambiguously support 
their chemical structure based on the high sensibility of the 
technique.  
This study reveals the high and complex reactivity of 
unsymmetric fullerenes such as C70 and confirms the 
photochemically reactivity of the initially formed [5,6]-
fulleroids as a smart and efficient procedure to form thermal 
and photochemical stable [6,6]-methanofullerenes through a 
highly selective di--methane rearrangement.  
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Three new [5,6]-PCBM isomeric ful leroids  photoisomerize, in a  
quantitative and highly selective way, to their respective [6,6]-
PCBM methanoful lerenes .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
